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Abstract 
 The following report contains the work done by the group Griswold Engineering in 
completion of the Senior Design requirements for Civil Engineering and the Honors 
Requirements of the Project Manager. As the project manager, my job was to organize the 
project as a whole and to work alongside the Structural Engineer on the project. One of the main 
problems to overcome was the division of labor amongst the group. The project was originally 
conceived as a group project with one project manager and five other students to serve as the 
project engineers in each subdiscipline. Since this group only had five members, I took on the 
role of project manager and split the structural engineering work between myself and another 
member of the group. As such, it was my responsibility to prepare the weekly updates and 
complete our group submissions, along with writing the structural section of the report and its 
corresponding cost estimates. Overall, the project proved to be successful, as can be seen in the 
following report.  
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Final Report 
 
  
The following report is a summary of the design and recommended alternatives that 
Griswold Engineering has prepared for the University of Nebraska-Lincoln and the Cornhusker 
Council on the Outdoor Education Center (OEC) Master Plan. This includes improvements to the 
wastewater treatment system, stream crossings, stream banks, and infrastructure of the site as a 
whole. This report includes a Technical Memorandum from each subdivision outlining the 
recommendations we have designed and an estimate of the work that needs to be done before the 
design can be completed. An estimated cost for each option and the recommended options can be 
found on page 32. The 30% Concept Plans have also been appended to this document. 
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Environmental Engineering 
 The information in this memo regards the Boy Scouts of America Cornhusker Council’s 
Outdoor Education Center (OEC) and the environmental needs of their master plan. The 
environmental aspects of the OEC master plan include the identification of wetlands on the 
property, the potential of endangered species, a review of the wastewater lagoon capacity, and a 
review of the water system capacity and expansion. The importance of wetlands is addressed in 
this site master plan. The proper determination will take place and will go through the Army 
Corp of Engineers if they fall under their jurisdiction. The endangered species will most likely 
not be on site, but the proper documentation will be made. The lagoon and water system will 
undergo analysis to ensure they both have enough capacity to expand.  
Site Information 
 The site currently has a wastewater lagoon located northeast of the OEC building. The 
wastewater flows by gravity to a pumping station on the south side of the building that pumps 
the flow up to the lagoon. The lagoon is getting full, so an analysis is done to ensure it has the 
capacity to hold additional flow. Figure 1 displays the site map with existing and proposed 
features. 
 The two creeks on the site, Scout and Stevens, reveal that there are hydric soils and 
hydrophytic vegetation, which are major factors indicating that there could be wetlands on site. If 
the creeks are determined to be Waters of the U.S. (WOTUS), there will need to be a wetland 
determination and potentially a delineation. A wetland delineation can only be done during the 
growing season which generally falls between May 1st to October 31st in Nebraska. The 
delineation determines the limits of the wetlands which we will need to avoid or obtain a Section 
404 permit.  
 There is a well system located northwest of the main OEC building. The system provides 
water to the OEC and irrigation for the current soccer field located on the other side of Scout 
Creek. The well and system needs to undergo an analysis to determine if it’s able to handle 
additional demand as the site develops. 
 There have been no reports of endangered species on site, but surveys may still need to 
be done to ensure the species habitat will not be destroyed.  
Challenges 
 There are many environmental challenges for this site. Estimating the wastewater flow is 
difficult since there is such a wide variety of activities that could be happening on site at any 
given time. It’s hard knowing how much flow is actually going into the lagoon since there are 
satellite facilities, also known as portapotties, for people to use during bigger events. Another 
challenge is the unknown location of the water lines.  There is a line coming from the OEC to the 
soccer field, but its location is not documented. It comes across the south pedestrian bridge, and 
continues along to the soccer field, but the exact location is unknown. This makes it difficult to 
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know where we are going to connect yard hydrants into and how much more water line needed 
to expand the system. The wetlands impose a challenge since there’s no way to know if there are 
wetlands and if we need to obtain a permit unless a determination and delineation are done. The 
same goes for the potential endangered species. Studies will need to be done at the proper times 
to ensure we aren’t affecting them and their habitat.   
Alternatives 
 The wastewater system has a couple alternatives to allow for expansion. There’s an 
option to connect to the sanitary sewer trunk from the City of Lincoln. This would require 
annexation, which is unlikely to happen since the city limits are around 98th Street south of O 
Street. That’s about a mile and a half east from where the site is located. 10 years from now, it 
may be an option to connect to the sewer line if development reaches the site by that time. If that 
does happen, we can consider how to get rid of the lagoon. Right now, the best option is to pump 
out some of the lagoon for $0.003 per gallon rather than waiting for annexation and trying to get 
rid of the lagoon right now. There will be some labor costs associated to that as well but will give 
the lagoon a longer life.  
 Once we determine the limits of the wetlands, we can build around them and potentially 
get a Section 404 permit if we are affecting any of the wetlands on site. The Section 404 permit 
goes through the U.S. Army Corp of Engineers (Corps). They review the permit for 30-60 days. 
Once the permit has been approved, we are able to have no more than 0.5 acres of impact of the 
wetlands/stream that falls under the jurisdiction of WOTUS. We also can have up to 300 feet of 
channel impact and 100 feet of channel loss. If the impacts exceed 0.1 acres, then we have to 
mitigate the wetlands. There are three options for mitigation: a mitigation bank, on-site 
mitigation, and off-site mitigation. The preferred option by the Corps is using a mitigation bank 
where we bring in wetlands from a wetland farm and plant them on site once construction is 
complete. We can find mitigation banks around Nebraska, so if it is determined that we will need 
a Section 404 permit we will use that option.  
 Endangered species are very well protected. From the U.S. Fish and Wildlife Service, 
there are potentially seven endangered species on site. The species are made up of mammals: the 
Northern Long-Eared Bat, birds: Least Tern, Piping Plover, Whooping Crane, fishes: Pallid 
Sturgeon, insects: Salt Creek Tiger Beetle, and flowering plants: Western Prairie Fringed Orchid. 
The Endangered Species Act (ESA) prohibits the “take” of these species. “Take” is defined as 
“harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect any threatened or 
endangered species.” This also includes habitat modification where the species are harmed 
through their habitat being changed/destroyed. Violating the ESA may cause delays, fines, and 
maybe jail time. In order to ensure we are abiding by the ESA, we need to do a survey of the site 
for each species listed. The Western Prairie Fringed Orchid survey can occur around the same 
time as the wetland delineation because it is growing season and flower surveys must be done 
during that time. The Northern Long-Eared Bat survey can be between May to August. The 
birds’ surveys are species dependent, so they can be anytime during the year. The Salt Creek 
Tiger Beetle lives in wetlands, so that survey will be done at the same time of the wetland 
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delineation. The creeks will need to be surveyed for the Pallid Sturgeon. These species are most 
likely not on the property, but proper survey and documentation need to take place to ensure the 
ESA that none of the species will be affected. However, if the species have not been noticed on 
site, the surveys may not need to take place. 
Analyses and Findings 
 The wastewater system went under an initial analysis to determine it has enough capacity. 
In the Nebraska Department of Environmental Quality (NDEQ) Title 124, there is an equation 
that calculates the maximum water surface area using the daily design flow rate, or in our case 
the average daily wastewater flow, the seepage rate, the annual evaporation and precipitation 
numbers from figures, the difference between maximum and minimum operating depths for the 
lagoon, and the surface area at the maximum operating level.  We know the surface area of the 
maximum operating level because we measured the top of the lagoon (57 ft x 119 ft) and we 
know the slope (4:1) and presumed depth (6 ft). The surface area at the maximum operating level 
comes out to be 5439 ft2. The difference between maximum and minimum operating depths is 
estimated at 3 ft. The lagoon depth is 6 ft with 1 ft of freeboard. The minimum operating depth is 
assumed to be 2 ft, which leaves the difference to be 3 ft. The maximum difference between the 
maximum and minimum operating depths is also 3 ft according to Title 124.The evaporation and 
precipitation numbers come from the figures that are included in Title 124. Where the site is 
located in Lancaster county, the evaporation is approximately 43 while the precipitation rate is 
approximately 27. There are no units on the figures or in the text for the evaporation and 
precipitation rates, but there is a conversion factor associated with them in the equation. The 
30seepage rate is an unknown right now as it is different for each lagoon. The maximum seepage 
rate is 1/8 in per day from NDEQ Title 123, so we will assume that value in the equation. The 
lagoon equation is defined by:  
 
 Using the above values in the equation, we get a calculated flow of 589 gpd for the 
lagoon. This value is twice the size of the estimated average daily flow of 234 gpd. The 
estimated flow is determined by using Table 3-5, Recreational waste flows (Metcalf and Eddy). 
Table 1 shows the breakdown of determining the flow. For the market to market relay, weeklong 
day camp, and Training events only 20% of the volume is used as the actual waste as there are 
satellites located around the camp for people to use.  
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Table 1: Estimated Waste into Lagoon 
Event 
Days/ 
year 
Number 
of 
People 
Estimated 
flow 
 (gal/person-
day)  
Total 
usage  
(gal) 
Estimated   
Actual 
Usage 
(gal)  
Market to Market 
Relay 1 300 2.6 780 156  
Weeklong Day Camp 6 200 13.2 15840 3168  
Daily Visitors 312 10 10 31200 31200  
Full Time Staff 312 12 13.2 49420.8 49420.8  
Training Events 3 200 13.2 7920 1584  
     85529 gal/year 
     234 gal/day 
 
 The water system needs to undergo a capacity analysis to ensure it can handle additional 
flow to the site without causing too much of a decrease in pressure. The line running across 
Scouts Creek is currently connected to one of the bridges over the creek. This makes water 
unusable on the east side of Scouts Creek during the winter because the line is above ground and 
able to freeze. Going under Scouts Creek will require directional drilling under the creek and 
bringing it back up to 5 feet below surface level across the west side to ensure the pipe is under 
the frost line. We would then extend the irrigation to the baseball field and add Iowa hydrants 
throughout the site. The water line will stay 5 feet below the ground to avoid freezing in the line 
and in hydrants. There would also be a line running by the Harvey Hunter Lodge to ensure that it 
has running water for consumption through a hydrant.  
 The well will undergo analysis under the Nebraska Department of Health and Human 
Services (NDHHS) Title 178. Title 178 gives setback distances from the well to other facilities. 
It must stay at least 100 ft away from the wastewater lagoon. Since there was snow on the 
ground, we were unable to make a measurement of the distance between the two.  
Recommendations 
 The environmental recommendations for the OEC include a determination and 
delineation of wetlands. Once the location of the wetlands is known, we will know if we need to 
apply for a Section 404 permit. Studies for the endangered species will need to be done in the 
proper season the animal is likely to be around. While there will most likely not be any of the 
species on site, proper documentation needs to be created ensuring the species are safe. The 
wastewater lagoon will be pumped into the trunk sewer for $0.003/gal to allow for a longer life. 
An estimated 150,000 gallons will be pumped from the lagoon to ensure it can take on additional 
flow until a connection to the trunk sewer is a viable option. Once the annexation line travels 
around the OEC, then the wastewater network can tap into the trunk sewer and the removal of 
the lagoon will take place. Until then, the pumping will allow the lagoon to provide more storage 
of the wastewater. The water system will need further analysis to determine if the well is large 
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enough to allow for additional irrigation. Figure 1 displays the proposed yard hydrants on the 
east side of Scout Creek. The four locations will provide water for the entire site. While the 
location of the water line is unknown, additional survey may need to be done to track the line so 
there’s an accurate line to tap into. This will also be dependent on the findings of the Water 
Resources design group, and the requirements of their features.  
 
 
Figure 1: Site plan with proposed hydrant locations 
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Water Resources Engineering 
 The Outdoor Education Center (OEC) has many water related issues covered by the 
Water Resources design team and the Environmental Engineering design team. There are 
currently no emergency vehicle access points located on site. In the middle of the OEC site is a 
man-made pond that currently serves no purpose. Additionally, both streambanks along Scout 
and Stevens Creek have begun eroding away downstream. This has resulted in unstable 
embankments and improper water drainage. Solutions relating to proper drainage and 
streambank design will be discussed in this report.  
Site Information 
 Concept plans of the OEC have been provided, and identify each on-site aspect to be 
discussed. Located on the west side of the property, the low water crossing crosses over Scout 
Creek. It’s constructed of concrete, and rests along the streambank at an elevation of 1,180 feet. 
The roadway leading to the crossing is a soil and gravel mixture. To meet the crossing, the 
roadway experiences decline of 10 feet. This decline can be seen 
in Figure 2.  
Computer modeling and site visits helped Griswold to 
identify the current state of both creeks. Scout Creek runs along 
the west side of the OEC property, Stevens creeks runs along the 
east side. This can be seen within the provided concept plans for 
the OEC. Both creeks have designated floodplains, and are 
located in the floodway. Meaning that any construction/bridges 
built along the creeks must not increase the water surface 
elevation more than 1 foot. Both the east and west facing 
streambanks along Scout and Steven’s creek have experienced 
severe erosion. Along both creeks, on each streambank, failure 
is possible. Which would result in the top of the bank 
overtopping the bottom and depositing into the creek. This 
possibility has led Griswold to believe that both streambanks, 
along each section of Scout/Stevens creek may need some form 
of stabilization. Located in the center of the OEC toward the 
east, is a man-made pond. Water currently occupies the pond at a depth of 1 foot. During large 
rainfall events the depth reaches up to 4 feet. The pond itself isn’t maintained, and no wildlife 
currently resides there.  
 
Figure 2. Roadway leading to the 
low water crossing (facing the 
northeast direction) 
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Challenges 
First, one of the biggest challenges the OEC faces is no emergency vehicle access points. 
During large events throughout the year, as many as 400 people can be found on site. In the 
instance of an injury or medical emergency, ambulances/fire trucks only have access to the site 
through the low water crossing. Due to the size of the emergency vehicles, they can’t make it 
across the crossing. If a large rainfall occurs, the crossing becomes impassable for all vehicular 
traffic. The design challenges regarding the new bridge, would be creating a rise in creek depth. 
Additionally, a challenge may surface if re-used soil for the roadway, from the streambank, 
cannot maintain consistent loadings 
over time (vehicles, UTV’s). Further 
soil testing will be underdone to 
specify exact bearing and loading 
capacities of the soil. Ensuring these 
loading capacities are sufficient will 
guarantee the roadway won’t sink over 
a short period of time. Both the 
northeast and southwest facing 
streambanks upstream of the current 
low water crossing gradually decrease, 
to meet the current low water crossing. 
Which is why any form of excess 
rainfall makes it impassable. The 
current condition of the streambank upstream of the crossing is shown in Figure 3. Next, 
streambank construction can’t be done without proper permitting. This restriction limits what 
construction may be done where, in both creeks. Now referencing construction, it will be a 
challenge to re-route each creek to allow for redesign. Our team must also ensure that re-routing 
the creeks does not disturb wildlife. Another challenge, will be minimizing tree and vegetation 
removal along the embankment. This will ensure the site doesn’t begin to take on a more 
commercial look. Meaning, Griswold would like to maintain the current state of the site as much 
as possible. Maintaining water level will be the biggest issue for the pond if constructed. 
Weather, evaporation and seepage may remove more water than is being stored. If this is the 
case, water in the pond will slowly deplete over time. Another issue would be the large scale 
excavation that would need to take place. As well as a proper placement for all the soil that gets 
dug up. Lastly, drainage certifications will require permitting. First, permitting in the form of 
either a section 404 permit or individual permit must be obtained. Individual permits allow 
construction along more than 300 feet of streambank, but are much more expensive and take 
longer to get approved. Section 404 permits only allow work along 300 feet of streambank at a 
time, but can typically be approved in less than a year. In addition, they’re much cheaper to 
obtain compared to the individual permit.  
 
Figure 3. Current low water crossing, facing the northeast 
direction (upstream side is located to the right, downstream 
side is located to the left) 
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Alternatives 
 Griswold has prepared alternative solutions to various issues mentioned prior. Upon 
inspection of the low water crossing, it must be re-constructed. The current crossing sits at an 
elevation that makes it impassable during high-water events. Therefore the most viable option 
would be to raise the crossing and roadway. Construction on the crossing will make it sufficient 
for a 100-year storm event. During construction a small-scale wooden bridge will be created to 
ensure the other side of the OEC can still be reached. Next, streambank stabilization will be 
obtained given the following methods. Each section of streambank that is worked on, will require 
re-sloping. This slope angle is dependent upon the method of stabilization used. Riprap, or lining 
the creek with rock, helps to prevent severe erosion 
from happening. Riprap is known as a quality method 
of stabilization, given its design life of 20 years. 
Using the geotechnical report for the site, it was 
determined that riprap will need to be constructed at 
an angle of 45 degrees (1H:1V). Approximate costs 
for the excavation and riprap installation would be 
$395,000. This estimate include excavation, 
grubbing, riprap material and installation. Tree 
wattling, or bundled braches, create stability while 
preserving the trees and vegetation. A visual 
representation of the tree wattling layout can be seen 
in Figure 4. Tree wattling will be constructed at an 
angle of 63 degrees (1H:2V). The life span for this 
method is 10-15 years, and fewer trees can be removed. Using the wattling method, approximate 
costs would be $302,000. This estimate includes excavation, grubbing, braches, twine and 
staking. Referring to the man-made pond, Griswold has created two alternative options. First, 
recycled streambank material can be used to fill this area. This would require no permitting and 
would open up a large plot of land in the center of the site. If desired, this area could then be 
used for recreational purposes (baseball diamonds, tennis courts, playgrounds). Second, a 3.6 
acre pond could be constructed with a depth of 12 feet. Although this option is more expensive 
and physically intensive, it would open up the opportunity for the site to engage in aquatic 
activities. The approximate costs to excavate, and created the pond would be $5,808,000. Two 
methods for draining excess water off site, downstream, have been formulated within Griswold. 
Construction to the streambank would help decrease erosion and make both creeks more 
geometrically secure. Currently both creeks have rectangular shapes, after application of 
streambank methods, they will appear more trapezoidal. Depending upon which stabilization 
method is used, the sloping angle would be either 45 degrees or 63 degrees. If the pond is 
constructed, an aesthetically pleasing linear feature could be created as well. This would appear 
similar to a stream, leading to the pond from Stevens creek. It would not only help keep the pond 
full, but will help with draining excess water from the creek.  
 
Figure 4. Tree Wattling Method 
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Analyses & Findings  
 In terms of the water crossing, ensuring emergency vehicle access is key. The newly 
proposed concrete crossing will have a 24 foot width (12 foot per lane). Considering this work 
will be done over Scout’s creek, a section 404 permit must be approved to start construction. 
Permit approval must be obtained prior to construction to ensure everything is done legally, 
according to state statutes. Under the newly constructed crossing, will be a box culvert. The 
proposed culvert is 12 foot by 5 foot. This size of culvert was chosen to ensure the stream won’t 
back up behind the new crossing. Using manning’s equation, average creek velocity was found 
to be 2 feet per second. Further stream flow analysis will be done on Scout creek using this 
velocity approximation, to ensure the newly installed crossing won’t raise the water surface 
elevation more than 1 foot. This analysis will be done using a HEC-RAS modeling system, more 
information will be provided within the next week. To prevent the two box culvert’s from 
clogging, critter guards will be placed on both the upstream/downstream ends of the culvert. 
Next, stabilizing the streambanks along both creeks will require permitting. If both tree wattling 
and riprap are used interchangeably along the creeks, multiple section 404 permits may be filed.  
This permitting option allows for work along 300 feet of streambank. Both creeks extend much 
longer than this, therefore the stabilization must be broken into segments. Choosing to stabilize 
the streambank with only of the two methods, would require an individual permit. Due to the fact 
that more than 300 feet of streambank will need to be re-constructed at once. Permitting will also 
be needed to approve the re-routing of the creek during construction. In terms of riprap, boulder 
sized rock will be placed along the streambanks. According to the geotechnical report for the 
OEC, riprap design is optimum at a shallower slope (1H:1V). This would require the removal of 
approximately 6-8 trees along every 15 feet of embankment. Along the entire streambanks of 
both creeks, if both stabilization methods are used, approximately 290 trees will need to be 
removed. At this slope, 14-16 feet of embankment would need to be excavated. Referencing tree 
wattling, three bundles are needed for every 12 feet of streambank. Calculations determined that 
the stream will move at 1-3 feet per second, excluding large storm events. Given the sloping 
length/angle, and the average flow of both creeks, this amount of bundles will be sufficient 
enough to prevent continued erosion over time. The bundles are 12 inches long by 10 inches in 
diameter. Stakes are used to secure the waddles in place, prior to placing soil on top. With this 
method, only 2-3 trees will need to be removed for every 15 feet of embankment. Along the 
entire streambanks of both creeks, if both stabilization methods are used, approximately 160 
trees will need to be removed. This is because tree wattles can be installed at a steeper slope 
(1H:2V). At this slope, 6-8 feet of embankment would need to be excavated. Next, the man-
made pond would require a large scale excavation, as well as a location for the removed soil to 
be placed/taken. Due to evaporation and seepage, maintaining a sufficient water level may be 
difficult without more precaution. If the aesthetic linear feature is built, coming from Stevens 
creek, it would help to maintain water depth. Any work relating to a pond creation would require 
a section 404 permit. Lastly, desired drainage conditions will be met by correcting the 
streambed. This work will require section 404 permits, or an individual permit depending on the 
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stabilization method used. In addition, section 404 permitting is needed to re-route the creek 
during construction. This will ensure that excess soil/construction material won’t deposit into the 
stream.   
Recommendations 
 At Griswold Engineering, we strive to provide the client with the most suitable solution 
possible. In terms of the low water crossing, it’s our recommendation that it be completely 
reconstructed. The current crossing can’t handle the traffic volume needed during large events, 
and provides no emergency vehicle access. The newly proposed crossing would meet both of 
these needs and be visually appealing. To avoid filing for an individual permit, we advise using 
both riprap/tree wattling interchangeably along the streambank. This allows for work along the 
streambanks to be completed using multiple section 404 permits alone. These methods will 
ensure erosion is no longer an issue. Referring to the man-made pond, it can either be expanded 
upon or filled in. For the sake of the OEC’s long term success, we recommend moving forward 
with the pond. Although this option is more expensive and time intensive, it opens up the door 
for aquatic activities. This alone could attract more campers and new scouts during large site 
events. On site drainage solutions included construction of the streambed and the creation of a 
pipe network. To meet a 100-year no rise certification, we believe both methods should be 
implemented. Widening the streambed will make it more geometric, preventing erosion, and 
allowing the water more room to flow downstream. Simply put, water takes longer to fill a larger 
area. During high water events, the aesthetically pleasing linear feature will drain water from 
Stevens creek to the pond. Design of the streambank stabilization were dependent on the findings 
of the Transportation Engineering design team and their requirements for the Low Water 
Crossing width and location.  
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Transportation Engineering 
Griswold Engineering has devised several different solutions to the site presented by the 
Outdoor Education Center (OEC), its location, and its current infrastructure. This will include 
improvements to both creeks, the roads, and the pedestrian walkways. One of the biggest 
transportation needs for this project will require paving the roads and adding parking stalls for 
passenger vehicles and RVs. The main purpose for paving the roads is for emergency access, 
along with overall improved site access and better traffic flow throughout the entire site. A big 
deterrent for the emergency access is the current low water crossing, which leads to finding a 
solution around it, or completely getting rid of the low water crossing all together.   
  A box culvert will be installed under the road to allow for the flow of the water to remain 
without obstruction. Another road will be built towards the southern part of the site in order to 
allow for another way in and out of the parking lots located to the south east of the current access 
road along with another box culvert. 
Site Information 
The OEC is located near Walton, NE, on the east side of S. 120th street, halfway between 
‘O’ and ‘A’ Street. The defined location of the property limits for the OEC is shown in Figure 5, 
which is approximately 78 acres of land.  
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Figure 5. Outdoor Education Center Property Limits 
This site is comprised of one main building for the OEC activities and a separate house 
for the land owners, all located in the northwest corner of the property. There is one paved 
parking lot in the northwest corner by these two buildings and a gravel parking lot on the west 
side of the property right off S. 120th Street. This gravel parking lot entrance also leads down to 
the low water crossing which becomes the access road running though the central portion of the 
site. There are two creeks that run north to south through the property, which can also be seen in 
Figure 5. Scouts Creek, which is located on the western side of the property, and Stevens Creek, 
which is located on the eastern side. There is an obstacle course towards the southern portion of 
the property and a trap and skeet shooting range towards the northern portion of the property. 
Near the center of the property there is a manmade pond, along with an open field consisting of a 
soccer field.  
Challenges 
Some of the challenges regarding this site will be accessibility, traffic flow, and 
floodplain boundaries. With respect to accessibility to the site, there is currently a northern 
entrance off S. 120th street that leads to the buildings and paved parking lot, along with another 
entrance which leads to the gravel parking lot and the low water crossing. This isn’t an ideal 
situation with the low water crossing because if there are flooding conditions and someone needs 
vehicle access to the middle of the property, this can’t be achieved until the water lowers from 
the access road. For example, if there is an emergency on the property and emergency vehicles 
can’t get through the low water crossing, this would be a major problem. Another challenge will 
be traffic flow through the site. When making alterations to the current access road and the 
addition of parking lots, traffic flow is crucial. Roads need to have adequate spacing for vehicles 
to pass one another. With respect to traffic flow through the parking lots, there needs to be 
enough room between stalls and enough drives to allow for multiple ways through the lot. For 
example, if there is a backup in one of the drives, there are plenty other paths to take to get 
through the lot or around the backup. This leads into the final challenge of the site, floodplain 
boundaries. As stated, there are two creeks that run though the OEC property, Scout and Stevens 
Creek. This leads to problems when construction begins since most proposed changes will be 
located within the floodplain, like the Harvey Hunter Lodge,   
Alternatives 
Our first option with respect to site access would be to keep the low water crossing as it is 
and install another access point to the site by the southern property line. This road, which will 
lead into the other proposed parking lot, will be 30 feet wide with a box culvert underneath in 
order to cross Scouts Creek. The road will be 30 feet wide to allow for emergency vehicles to 
pass one another and turn throughout the parking lot if there is ever a need. The box culvert will 
allow for the water to flow without obstruction while also giving vehicle access to the site. This 
road will be where emergency vehicles will access the site, taking them across the creek, through 
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the parking lot, and to the current access road to be able to drive where ever they need. The down 
side to only building up this road for emergency access is that the emergency vehicles will need 
to go through a potentially packed parking lot and may be hard for them to maneuver through all 
the vehicles. To help counteract this obstacle, the larger parking lot will have a wider drive 
through the center of it. This drive will be 30 feet wide, which will help the emergency vehicles 
get through the lot, even if it is packed. 
Our second option for access to the site will still include the southern road crossing 
Scouts Creek with a box culvert below it, leading to the larger parking lot. This parking lot will 
still be installed with the widened road in the middle to allow for emergency vehicles to get 
through. The current low water crossing will be built up with this option. There will need to be a 
box culvert installed where the low water crossing was to allow for the water to continue to flow 
beneath. A paved road, which will be 24 feet wide, will be installed over the box culvert for 
vehicle access. It will be 24 feet to allow for emergency vehicles to pass one another. This road 
will also be an emergency access point for the site, which will allow the emergency vehicles to 
enter from either this road or the southern road, depending on where they are needed. This option 
will also allow for RVs to go straight to their parking pad without having to go through the larger 
parking lot and trying to maneuver through vehicles. The only downside to this option would be 
the extra cost to bring in soil to build up the low water crossing and the extra cost of a second 
box culvert for Scouts Creek.  
There are also only two options when it comes to the material to be used for the proposed 
roads and parking lots throughout the site. The first option would be to construct the roads and 
parking lots with standard concrete. This standard concrete would be 7 inches thick, with a 12-
inch subgrade, which can be found in the Lincoln Standard Specifications. Standard concrete is 
most widely used for residential roads that don’t see a high volume of traffic and don’t 
experience a high volume of overweight vehicle traffic. The second option would be to construct 
the roads and parking lots with asphalt. This asphalt would be 8.5 inches thick, a 6-inch base 
course with 2.5 inches of surfacing with a 12-inch subgrade. Again, this would be a good option 
for roads that don’t see a high volume of traffic and don’t experience a lot of overweight vehicle 
traffic. 
Analyses 
Some of the analyses that need to go into the design of this site include the loadings for 
the types of pavement, specifications and dimensions for the parking lot, and which vehicles to 
use for designing turns throughout site. Typical concrete thickness for this type of project would 
be 7 inches while typical asphalt thickness for this type of project would be 8.5 inches. Both 
pavements will be durable enough for standard vehicles, RVs and emergency vehicles to travel 
on throughout the site. Greater thickness pavement, either 9-inch concrete or 10-inch asphalt, 
will be required for RV parking to ensure the life span and durability of the pavement since these 
are heavier vehicles remaining stationary for a longer time period. This can be found in the 
Lincoln Standard Specifications.  
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The Lincoln Standard Specifications for a typical parking lot require at least 8.5 feet 
between each of the parking stalls. The length of each stall is required to be at least 17 feet to 
ensure the vehicle will be out of the way of vehicles driving through the lot. The drives between 
the parking stalls require 24 feet to leave enough room for turning into stalls and for vehicles to 
pass one another through the lot.  
In order to design the parking lot turn radii and turning radii of the roads, a control 
vehicle will be assigned. This will be determined by the gathering all vehicle types that are 
thought to be entering the site. All the turn radii of the vehicles will be looked at and the largest 
one will end up being the control vehicle for designing the roads and parking lots.  
Findings 
It was determined that standard thickness for concrete (7 inches) and asphalt (8.5 inches) 
would be suitable for this project on roads and parking lots. However, heavy duty concrete (9 
inches) and asphalt (10 inches) should be used for the RV parking pads. The reason for this is 
because they are heavier vehicles that will be parked for a long period of time. This heavy-duty 
pavement on the RV pads will help from deteriorating quickly.  
The current gravel parking lot will be paved with two access points from 120th Street and 
will allow for 26 parking stalls. One of the access points will lead straight into the current access 
road, which will be paved all the way through the site with a width of 24 feet. This will allow for 
enough space for two vehicles to pass one another at the same time. The parking lot that is being 
installed to the south of the current access road will allow for 315 stalls, which adds to a total of 
341 parking stalls for proposed changes to the site, which can be seen in Figure 6.  
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Figure 6. Proposed Parking  
The secondary road that is being added near the southern property line, which will lead 
into this parking lot as well, will be 30 feet wide. Figure 7 and Figure 8 show the concrete and 
asphalt typical sections for the 24-foot roadway. There will also be RV parking installed towards 
the end of the current access road by the picnic shelters. Two parking pads will be installed on 
each side of the road, with dimensions of 60 feet by 60 feet, which will allow for three or four 
RVs to park on each pad.  
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Figure 7. 24-feet Typical Concrete Cross-section (7-inch)  
 
 
Figure 8. 24-feet Typical Asphalt Cross-section (8.5-inch) 
At the end of the current access road, there will be a circle to allow for any vehicle and 
RV to turn around if needed. This turn-around has a radius of 60 feet, which gives ample room 
for RVs and emergency vehicles to turn around without any trouble. This was determined by 
looking at all vehicles that might enter the site and their respective turning radii. Five separate 
vehicle types were looked at while determining the turn-around radius, which include a 
passenger car, a conventional school bus, an RV, and a passenger car and camper trailer. The 
largest turn radius of all of the vehicles was the RV, which can be seen in Figure 9.  
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Figure 9. Minimum Turning Path for RV 
Recommendations 
For this project, I would recommend going with the second option, which was talked 
about in the Alternatives section. This option includes using the southern road and current low 
water crossing to be built up to cross Scouts Creek. The first access point (which is existing to 
the site), which leads to the low water crossing from S. 120th Street, and the second access point, 
the proposed southern road, would help with traffic flow through the site and emergency access. 
The traffic flow would be better with this site design because it allows for two access points into 
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the proposed parking lot, giving the more crowded events a better way of getting into and out of 
the site. This design also favors emergency vehicles in that it gives ample room throughout the 
parking lot for the vehicles to maneuver, even with a crowded lot. I would also recommend using 
standard asphalt (8.5-inch) for this project on the roads and parking lot and then using heavy-
duty asphalt (10-inch) for the RV parking pads due to their heavier weights. The asphalt would 
also be easier to repair if there are any cracks or potholes that occur on the site. The 8.5-inch 
asphalt would be sufficient for the roads and the proposed lots due to the majority of the traffic 
being passenger vehicles. Even though there will be some RVs along with the possibility of 
emergency vehicles, the volume of these vehicles won’t be large enough to demand a greater 
thickness for these areas. The 10-inch asphalt for the RV pads is the better choice due to the 
duration that each RV will be on the pad. This thickness will prevent from any deterioration of 
the asphalt due to pressure from the RVs. The next piece of the site takes us to site access with 
respect to pedestrians, the staff and those visiting the site. The only way this is possible, due to 
both Scouts and Stevens Creek, would be installing bridges to cross over these obstacles.  
 
 
Figure 11. Overall Proposed Site Layout 
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Structural Engineering 
 Griswold Engineering has prepared this memo for the Cornhusker Council-University of 
Nebraska-Lincoln (CC-UNL) and the Outdoor Education Center (OEC) to present the current 
structural design options for the OEC. The OEC requires updated pedestrian bridges in order to 
provide efficient access to the entire property and expand their overnight camp capabilities. This 
will include culverts required to allow for emergency access and no-rise flood conditions 
established by the transportation and water resources design teams, as well as new pedestrian 
bridges to access the middle of the site. CC-UNL has also requested that the Harvey Hunter 
Lodge’s location be investigated, and that the Lodge itself remain similar to its current 
construction and use. We have done research into where new bridges would be most useful, as 
well as how these bridges should be designed. To complete this work, the team had to choose 
bridge locations, research the requirements for each location, and analyze each design alternative 
to determine the optimal design and placement for each structure.  
Site Information 
 The OEC is home to overnight camps and events that require access to the middle of the 
site, which is separated from the main house by Scout Creek. Currently, this access is provided 
by two pedestrian bridges, one of which is shown in Figure 11. The goal of Griswold 
Engineering is to provide the OEC with easy access to area between Scout Creek and Steven’s 
Creek, so that visitors and campers can easily reach all areas of the site. This will allow for more 
use of the east side of Scout Creek for overnight events. Emergency access for the site is 
provided by a single lane low water crossing, the location of which is shown in Figure 19. This is 
also used by visitors to the site during large events for parking, and by utility vehicles (UTVs) 
for maintenance projects around the site.  The addition of pedestrian bridges with UTV capacity 
will significantly increase the efficiency of the site and the safety of all the visitors at the camp. 
The Harvey Hunter Lodge, located near one of the existing pedestrian bridges, is well within the 
floodway of Scout Creek. However, as per the request of CC-UNL, the Lodge cannot be 
completely redesigned. Instead, Griswold Engineering will propose to move the Lodge to a 
location outside of the floodway. The OEC is also slated to have the East Beltway built through 
the site, the north part of which will have to be elevated. Based on this site information, Griswold 
Engineering has established the challenges that will need to be researched and overcome on this 
site.  
Challenges 
There are several challenges that must 
be addressed by Griswold Engineering during 
the design process. The largest issue with 
developing new bridges is the fact that the 
floodways of both Scout and Steven’s Creeks 
are very wide in comparison to where their 
current banks are located. The current bridges 
only span the creek itself, whereas we will 
provide bridge designs that will be clear of the Figure 11: Current north pedestrian bridge over Scout Creek, 
facing south. Photo courtesy of Jared Duren 
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floodway. A picture of the north bridge that crosses Scout Creek from bank to bank is shown in 
Figure 11. To do develop bridges that span the floodway, the bridges along Scout Creek will 
have to be significantly longer, and thus, more expensive for CC-UNL and the OEC. Designing 
and building a bridge to cross Steven’s Creek is much more difficult than doing so over Scout 
Creek because the floodway is much wider. Therefore, any bridges placed on Steven’s Creek 
will have to be even longer and more carefully designed than any over Scout Creek.  
 Another issue in designing the pedestrian bridges is that once they are built, they must 
follow no rise conditions downstream. This means that in a high-water event, the flooding 
downstream of the bridge cannot be raised by the bridges and low water crossings placed along 
either Scout or Steven’s Creeks. To combat this, Griswold Engineering’s design team must 
design a bridge that is raised enough to meet no-rise requirements and strong enough to 
withstand high water events. However, we will also have to consider how long the no-rise 
requirements will make each bridge depending on their locations, since longer bridges are more 
expensive. The parking lot access road will also have to be designed so that the middle of the 
property can still be accessible during high-water events, allowing emergency vehicles have 
access to the property during 50-year flooding events to meet City of Lincoln requirements.  
Alternatives 
For each of these design challenges, 
Griswold Engineering has provided several 
alternatives. Along Scout Creek, we have 
identified two possible locations to place a new 
bridge, shown in Figure 12. The first, more 
desirable location is directly east of the main 
building, close to where there is currently a 
bridge. This is slightly more desirable for the 
OEC because it is closer to the main house and 
the amphitheater, which would make access to 
the middle of the site easier for the employees. 
The second possible location for the bridge 
over Scout Creek is just southeast of the 
amphitheater. For the new bridge that will be 
designed to cross Steven’s Creek, we have 
identified a single location directly northeast 
of the existing pond that lies in the middle of 
the property, as illustrated in Figure 13. Only 
one alternative is offered for this area, due to 
the distance that must be spanned to cover the 
floodway along the creek. This location is the 
shortest distance the bridge can span and will 
provide ease of access even after the East 
Beltway is built, since a trail can easily be 
built from one of the pedestrian bridges on 
Scout Creek or the access road to this 
Figure 12: Overview of proposed bridge locations over Scout 
Creek in relation to the proposed access road, RV pads and the 
main house. Plans courtesy of Beau Litz and Elizabeth Homes.  
Figure 13: Overview of proposed bridge location over Steven's 
creek in relation to the proposed pond expansion and East 
Beltway. Plans courtesy of Beau Litz and Elizabeth Homes. 
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location, based on Griswold Engineering’s analysis.  
The Transportation design team has offered several options for emergency access and the 
low water crossings. In both cases, access to the site would be gained using a box culvert. These 
would be 24 ft wide, to allow two lanes of traffic to cross, as well as emergency vehicles. 
Analysis was done in both areas to determine a culvert size for each, although these differences 
are nominal for the culvert design. A box culvert will be designed once borings have been 
obtained and analyzed. Once the box culvert is 
installed, soil will be used to build up the top, to allow 
longer vehicles, like firetrucks, to cross without 
bottoming out. These options are further discussed in 
the Transportation and Water Resources sections of 
this report.  
Griswold Engineering has also considered 
moving the Harvey Hunter Lodge closer to the 
proposed parking lot, as shown in Figure 14. This 
location will allow the Lodge to continue to act as a 
check in point for visitors and campers and is outside 
of the floodway of Scout Creek.  
Analyses 
 Griswold Engineering has performed analysis for each of the alternatives offered, in 
order to provide the most cost-efficient, safe, and useful designs possible. This was done using 
the findings of Griswold’s Water Resources, Transportation, and Geotechnical design groups, 
along with the Structural team’s findings. More analysis will be required once borings can be 
taken at the chosen bridge and culvert locations, followed by in depth analysis of loadings and 
designs. 
When determining the final locations of the bridges, Griswold Engineering considered 
many different factors, including cost and how each bridge will serve the needs of the OEC. 
However, the width and outline of the floodway will be the biggest factors. We do not want to 
design bridges with excessive span lengths, as these would be more expensive and require more 
maintenance. Nor can we design a bridge that is shorter than the floodway and that does not meet 
the high-water requirements for each stream. To combat this, we started by analyzing areas in 
which the width of the floodway seemed 
to be manageable and aimed to make the 
location quickly and easily accessible 
from the main building.  
Analysis has also been done of 
the streams themselves, to establish how 
high the bridges must be to achieve no 
rise downstream. Since the bridges begin 
and end outside of the floodway, no rise 
is allowed downstream. If the bridges 
began and ended in the floodway, one 
foot of rise would be acceptable. 
Griswold has chosen to design bridges 
outside of the floodway to be compliant 
Figure 14: Overview of proposed parking lot and 
Lodge location. The lodge will be moved to the 
northeast corner of the parking lot. Plans courtesy 
of Beau Litz and Elizabeth Homes 
Figure 15: Photo of plastic wood pedestrian and UTV bridge. Photo 
courtesy of Minnesota Department of Transportation. 
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with the City of the Lincoln’s Building Codes and Requirements for emergency access. The 
floodway width and height were used to determine the recommended bridge lengths and 
locations mentioned in this memo.  
Analyses was also performed to determine the size of bridges required in these situations. 
The UTVs used on the site are, on average, 3,500 pounds and 6 feet wide. Based on research 
done by the Minnesota Department of Transportation, narrower bridges ensure that drivers will 
reduce the damage done to the bridge, should the UTV hit the bridge at any point, by reducing 
the angle of the collision. Instead of being able to hit the bridge head on, the UTV would glance 
off the siding, with minimal structural damage. Narrower bridges would also reduce the speed of 
the drivers, since they’d have to be more careful to maneuver onto and from the bridge. Rail 
heights were also analyzed, to determine the best height for both pedestrians and UTVs, based on 
design suggestions from the Wisconsin Department of Natural Resource’s Bridge Guidelines. 
Several options have been 
considered for the bridge aesthetic 
design. Based on the size and loading 
requirements, these have been narrowed 
down to options similar to the ones 
shown in Figures 15, and 16. These 
bridges have been shown to withstand 
UTV traffic, while also providing the 
OEC with the design choices requested 
of Griswold Engineering. 
 
Findings 
The first alternative along Scout Creek is located close to the main house and can be seen 
on Figure 12. In this location, the foundations on either side of the creek would have to be 
slightly elevated by using additional soil, to meet the no rise requirements established by the 
Water Resources design team. Based on analysis of the flood maps, the span of the bridge over 
this portion of the creek would have to be approximately 225 feet. When traveling from the west 
side of the creek to the east side of the creek, the bridge would be slightly angled toward the 
north. This will allow the bridge to cross the stream perpendicularly, which makes it slightly 
shorter than if it was placed directly east to west.  
The second alternative along Scout Creek is 
southeast of the amphitheater, but still relatively 
close to the main house. In this location, we again 
would have to increase the elevation of the bridge’s 
foundations before construction in order to build 
out of the floodway. This span would then be 
approximately 150 feet. If this location is chosen 
for the final design, the service road that runs along 
the eastern side of the creek would have to be 
slightly redirected in the area to create a safety 
space between the end of the bridge and any traffic 
on the road. At most, this would mean ensuring the road was at least 100 ft away from the mouth 
Figure 17: Typical rail system and spacing. Diagram        
courtesy of National Technology and Development 
Program 
Figure 16: Steel railing system on a pedestrian and UTV bridge. Photo 
courtesy of Wheeler Bridge Manufacturers.  
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of the pedestrian bridge, to protect pedestrians from vehicles on the road. This would not be a 
major issue, but it should be considered when deciding on the final location along Scout Creek. 
Over Steven’s Creek, the bridge would have to be significantly longer to remain outside 
of the floodway and maintain no rise. Preliminary analysis shows that the bridge would have to 
be at least 350 ft long. This is based on known values of the floodway’s width and height, as well 
as no rise considerations. However, the cross sections of Steven’s Creek will need to be updated 
dependent on the Water Resource team’s findings. This could cause the bridge to be significantly 
longer.  
To account for the extra width and loading from a UTV, the bridges will be designed at 8 
feet wide and capable of carrying a fully loaded UTV weighing nearly 3,500 pounds. Attached to 
the sides of each bridge will be a 42-inch tall railing system. This will be tall enough to contain 
an average sized UTV, as well as meet pedestrian bridge rail standards. Each bridge should also 
be designed to include a rub rail along the bottom of the railing system. The bridge railing 
system will also have to include a rub rail on the bottom to prevent snagging of vehicle tires, as 
well as a handrail at the top for pedestrian use. As per standards, the railing system will also have 
to have a maximum spacing of 6 in., which is a typical design choice to prevent people and 
animals from getting caught in the sides of the bridge when using it, as shown in Figure 17.  
 The location of the Harvey Hunter Lodge shown in Figure 14 is outside of the 
floodway, therefore meeting the requirements of the RFP. It is also large enough for the Lodge to 
be moved from its present location without substantially changing the design and will allow for 
expansion of the Lodge in the future.   
  
 
 
 
 
 
 
 
 
 To design the box culverts, the standard Nebraska plans will be used, once the road sizes 
and stream bank stabilization requirements are finalized by the Transportation and Water 
Resources teams. This design can then be used to create a box culvert as wide as a long as 
required, providing the proper analysis of soils is completed, so it shall remain a part of Griswold 
Engineering’s Recommendation.  
 
Figure 18: Design Standard plan view of a box culvert, courtesy of the Nebraska Department of Transportation 
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Recommendations 
 Griswold Engineering is prepared to make several recommendations based on the 
analysis and findings reported. These have been chosen based on design efficiency and the 
requirements established in the design process up to this point.  
 It is our recommendation that the pedestrian and UTV access across Scout Creek be 
located at the first suggested site as shown in Figure 12. This site was chosen even though it is 
the longer of the two spans at 225 feet and, therefore more expensive, because it will provide 
better access to the rest of the site. Since this location is closer to the RV pads than the access 
road, no safety area will need to be added to the road’s right of way. This path will also give 
UTVs and pedestrian easier access to the camp grounds, RV pads, and main house over Scout 
Creek. The bridge over Steven’s Creek will be placed at the location shown in Figure 13, as this 
has the shortest floodway distance and will be easily accessible after the East Beltway is built. 
 For the bridge design, Griswold Engineering recommends that all the bridges have a 
width of 8 feet, based on the analysis of UTV requirements and crashes completed to this point. 
Each bridge should also include a rub rail, located about 14 in. from the bottom of the railing 
system, to prevent UTVs from getting caught between the vertical rails of the bridge. Handrails 
will also be included 42 in. from the bottom of the railing system for the safety of the 
pedestrians. Griswold Engineering recommends a bridge design similar to the one shown in 
Figure 16. This option will be slightly more expensive than the bridge shown in Figure 15, since 
it is made of steel instead of plastic. However, it will last longer and require less maintenance 
over the coming years.  
 Griswold Engineering also recommends removing the Harvey Hunter’s Lodge from its 
current location to the proposed location shown in Figure 14, following City of Lincoln building 
codes and the floodway analysis. This will allow the building to be used for overnight guests, 
since it will be above the base flood plain as it is now defined.  
For emergency access to the site, box culverts designed following the City of Lincoln and 
State of Nebraska Standard Plans are recommended in the locations shown in Figure 18. The 
final sizes will be based on Griswold Engineering’s Transportation team’s recommended length 
and width to accommodate fire trucks and other vehicles that may enter the property. Changes 
may be necessary to the pedestrian bridge foundations and culvert cover, which is dependent on 
the future findings of the Geotechnical Engineering design team.  
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Geotechnical Engineering 
 On behalf of the CC-UNL Joint Authority, Griswold Engineering has gone through 
extensive efforts in research and design to create an updated master plan for the Outdoor 
Education Center (OEC) facility, owned and operated by the Cornhusker Council of the Boy 
Scouts of America. After nearly 20 years of use, the Council is looking to update the property 
and gain the capability of holding larger crowds. The site is located just east of Lincoln, 
Nebraska, southeast of the intersection of “O” and S. 120th Streets. This memorandum will go 
through the project and make recommendations for the OEC in terms of geotechnical 
engineering work to be done on site to achieve the proposed master plan from Griswold 
Engineering. Specifically, this memorandum will touch on the work related to the new bridges 
proposed on site, as well as what will need to be done prior to paving the proposed access road, 
parking lots, and RV pads, and how to utilize streambank stabilization. 
 
Site Information 
 The OEC consists of 78 acres of land near Lincoln, Nebraska. The only access to the 
property from a public road is from S. 120th Street on the western property line. On the northwest 
corner of the property, as can be seen in Figure 19, there is currently a concrete paved parking 
lot, a historic schoolhouse, a house, a metal storage shed, and the OEC building itself. Just south 
of this area is a rocked overflow parking lot as well. Running through the western portion of the 
property is Scout Creek, and running through the eastern portion of the property is Stevens 
Creek. To access the central portion of the property, the space between the two creeks, there are 
two pedestrian bridges and a low water crossing that is capable of carrying vehicular traffic. In 
this central area, there is an obstacle course, a multipurpose sports field, an archery range, a trap 
shooting range, a small pond, multiple structures for picnics and camping, and the Harvey 
Hunter Lodge. These features can also be seen in Figure 19. There is currently no access to or 
development on the portion of the property that lies east of Stevens Creek. In general, the banks 
of the two creeks are tree covered to approximately 100 perpendicular feet away on either side, 
although this distance varies along the length of the creeks. The rest of the property is grass 
covered. 
 
Challenges and Alternatives 
 As our work on this project has progressed, the role of geotechnical engineering work on 
site has become more prevalent. In order for our team to expand development on the property, 
we have proposed to implement multiple new features. Each addition or modification to the site 
will require some amount of work involving geotechnical engineering, and therefore a new 
challenge. These project components will include the new bridges, including changes to the 
current low water crossing and a proposed emergency access crossing, the access road, parking 
lots, and RV pads, and the process of streambank stabilization. 
      To be able to have bridges that provide safe and easy access throughout the property, we 
will first have to determine whether or not the soils under the proposed foundation locations are 
adequate to support the loads that will be applied. This will be done by first acquiring soil 
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samples by drilling test holes where the bridge foundations are proposed. These samples will 
then need to be analyzed in a lab to determine the exact soil makeup, as well as the specific soil 
characteristics that can be found at different depths. Ideally, these test holes will be bored down 
to the bedrock so that we can get a complete soil profile. Based on the information gathered from 
these borings and lab tests, we will then be able to determine if there are any significant issues 
that would accompany any of the soil types. For example, if the lab results come back saying that 
there is a large amount of organic material in one of the soil layers, this could cause issues with 
settlement. If the soil is found to be made up of expansive clays, we could also encounter issues 
with expansion and heaving. There are many things that can be done to counteract these 
materials, such as using soil stabilization techniques and installing deep foundations. Depending 
on how severe the issue is with the soil, it may have to be completely removed. We will also 
look to determine the water table in each of these locations to determine if this will cause any 
issues with the bridge foundations. A high water table can make any other soil issues become 
even more problematic, especially when expansive clays are present. Once the soils at each 
foundation location have been analyzed, a foundation and bridge abutment will have to be 
designed in order to stabilize the bridge it is connected to. This can be done using either deep 
foundations or shallow foundations. The soil conditions will determine which type of foundation 
is chosen. This same process will have to be done for any bridge piers as well. 
 Because the floodways of both Scout and Steven’s Creeks are very wide, the elevations 
of the entrance and exit locations of each bridge will be raised in order to keep the actual bridge 
structure out of the floodway. The proposed bridge locations can be seen in Figure 20. To 
increase the elevations, soil that is found to have satisfactory properties will need to be taken 
from other places on site or brought in from a different site to be placed at the location of each 
bridge foundation. This soil will be laid out as a ramp up to the beginning on the bridge structure. 
Because the bridge foundations will be in this soil, and utility vehicle (UTV) and pedestrian 
traffic will have to travel over this soil in order to get onto the bridge, it will have to be 
compacted to 95% or greater of the maximum dry unit weight of the soil as well. This will 
ensure that the soil will remain intact as new loads are applied to it. The exact value for this 
compacted soil density will need to be determined through lab testing once boring samples are 
collected. The placement and compaction of this soil will be done using heavy machinery, such 
as tractors and sheepsfoot rollers. 
      Similar to what will need to be done to elevate the bridge foundations, geotechnical work 
will need to be done in the area around the current low water crossing that can be seen in Figure 
19. This work will help to expand the current low water crossing or create an emergency access 
crossing at this current location, as well as install a new emergency access point near the 
southern property line, each of which would be used to cross Scout Creek. The work that will 
need to be done for both of these project components includes bringing in additional soil to 
elevate and widen the crossings. This fill soil will be placed around the concrete box culverts 
(mentioned previously in the Structural Engineering Technical Memorandum) that we have 
proposed in order to allow for traffic to travel over them. Again, this soil will have to be 
compacted to the same satisfactory level of 95% or greater of the maximum dry unit weight 
before pavement can be placed on top of it. 
      With the new access road, parking lots, and RV pads that are to be added, there is 
additional geotechnical work that will need to be done. Once again, the exact soil conditions 
under these areas will need to be known in case there are any problematic soils, particularly 
those that could collapse or expand. This can be determined by drilling more test holes along the 
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path of the access road and inside the perimeter of the parking lot, and then analyzing the 
samples obtained from these holes. Because we will be paving over these areas, we will need to 
be extremely wary of expansive or compressive soils that could cause heaving or settlement and 
eventually lead to bumps and cracks in the pavement. Having to repair these types of damage in 
the future would produce unnecessary costs that we are trying to avoid. If there are soils that 
could cause bumps or cracks, we will either need to remove them or use other stabilization 
methods to ensure that we can avoid any issues. Once this is done, large machinery will have to 
be brought on site in order to compact the soil to satisfactory levels, as mentioned previously. 
Once compacted, the path of the access road, the entire parking lot area, and each RV pad area 
will also have to be graded to meet specifications for placing pavement and allowing for water 
runoff. The pavement for the parking lot itself will have a 2% slope to allow for this runoff, so 
the subgrade will also be worked to have a 2% slope, making it easier for placing the pavement. 
In collaboration with the transportation engineering team, an ideal pavement design will be 
created with a specified material content and thickness that will be placed in each of these areas. 
Together, all of this work will allow access throughout the entire property. 
      Another important challenge for this project involving geotechnical engineering work is 
the process of streambank stabilization. The current banks of both streams are extremely 
susceptible to erosion due to the winding streams and nearly vertical banks. The different soil 
types that have been found in this area also give way to easy erosion. In collaboration with the 
water resources engineering team, we will work to determine the most beneficial slopes to use to 
prevent further erosion. Doing so will be an effort that takes into account the stability of each 
slope, as well as the amount of work that will have to be done to remove soil and trees from the 
area. Ideally, we would like to minimize the number of trees we remove in order to maintain the 
natural look and feel of the property. The closer we can keep the stream banks to their current 
conditions, the less trees will have to be removed. There are also slope standards that will need to 
be followed based on different soil types as declared by the Occupational Safety and Health 
Administration (OSHA). These standards are in place to ensure safety during construction and 
use of these areas due to risks associated with slope failure. Because these slopes are determined 
by soil type, the soil information accumulated from our boring locations will be used to establish 
the proper slopes. It will also be important to analyze the velocity and flow conditions of the 
stream and streambanks in order to determine the correct sizing of riprap to use. If the correct 
size is not chosen, there could be a few different setbacks. The first would be if the riprap sizing 
is too small. In this case, the stream could potentially carry away the rocks and this would allow 
for further erosion of the streambanks, which we are trying to eliminate. If the riprap sizing is too 
large, it could become much more costly and will not have the same ease of construction. We 
will work to find the perfect fit, which will optimize cost and effectiveness. 
 
Analyses and Findings 
 Although we have not had the opportunity to drill our own test holes on the OEC 
property to get exact soil profiles, we have obtained a geotechnical report with boring log 
information from test holes drilled nearby. This report was prepared by Schemmer and covers 
information for the Stevens Creek Phase V and Sub-Basin E3 Sanitary Sewer Project. This new 
sewer line is being installed on the west side of 120th Street, just across the street from the OEC 
property. The soil information found in Schemmer’s report gives us a general idea of what to 
expect on the OEC property, but it is not conclusive due to the fact that none of the borings were 
actually performed on the OEC property. As will be discussed in the next section of this report, 
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we will need to obtain further data to be able to make the most informed decisions possible. 
What is discussed in this portion of the report is based on the information from the Schemmer 
report, specifically boring holes B-14, 15, 16, and 40 along the sewer line. The locations of these 
boring holes can be seen in Figure 21. 
 The borings completed near the OEC site have shown a wide variety of soils in the area. 
The borings taken ranged in depth from 35 to 65 feet, and the water table was found to be 
roughly between 5 and 20 feet below the surface. Part of the reason for this varying water table 
level is how close the holes were to the creeks. It is also important to note that none of these 
holes reached bedrock, which would be ideal for the design of bridges and their foundations. If 
bedrock is not reached by the time we have drilled 75 feet, we will not drill any deeper as this 
should be deep enough to correctly design the foundations for the bridges. Due to the 
information we currently have on the soils in the area, we believe reinforced concrete pile 
foundations will be most suitable. Pile foundations allow for resistance both through skin friction 
and end bearing, which is ideal for softer soils. This type of foundation will also allow us to 
anchor into any of the stronger soil types that are below the surface, thus reducing settlement or 
heaving.  
 The soils themselves are primarily fat clays with medium to high plasticity and sands. 
These soils provide for a soft to very soft soil profile under many of the project components, 
which is troublesome. There are a variety of collapsible and expandable soils in the area, some 
layered on top of each other. Along with the relatively high water tables as mentioned 
previously, issues can quickly arise, so we will do all that we can to minimize the risk of these 
problems. Soil stabilization techniques such as grouting or the addition of lime or other 
chemicals to the soils could potentially help create more ideal soil properties that will be able 
withstand the required loadings. If none of these techniques are determined to be adequate to get 
soil conditions to where they need to be, then these soils will need to be removed and fill 
material will have to be placed and compacted. With further examination of the exact soil 
conditions on site, the correct decision can be made. 
 
Recommendations 
 The following recommendations for the OEC facility are based on our current 
understanding of the soil conditions on the property. Should these conditions change or other 
information is collected, a review of changes would need to be made by our geotechnical 
engineering group at Griswold Engineering in order to make new recommendations that will 
benefit the facility for years to come.  
 Our first recommendation is to do an extensive geotechnical analysis of the site in order 
to get exact soil profiles and characteristics. This should be done by obtaining soil samples from 
test borings at specified locations around the property. At a minimum, borings should be taken at 
the proposed bridge foundation, abutment, and possible pier locations. These locations are 
represented by the red circles in Figure 20. Because the bridge foundations will be in these 
locations, we would need to drill down to bedrock. If bedrock cannot be reached, we will not 
drill deeper than 75 feet unless deemed necessary by other conditions. This would mean drilling 
deeper than any of the information we currently have from Schemmer, which will help get an 
even better understanding of the soils nearby. We would also recommend borings along the 
proposed access road and inside the perimeter of the proposed parking lot and RV pad additions.  
These locations are represented by the yellow circles in Figure 20. The samples taken from each 
of these locations would then be analyzed using ASTM lab testing techniques to determine all 
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soil properties. The information collected from these tests will then be used to make final 
decisions on many of the other project components.  
 Based on our current understanding of the soil conditions, we also recommend the use of 
soil stabilization techniques under the areas of many of the proposed project components, 
including the bridge foundations and paved parking lots, RV pads, and access road. There are a 
wide variety of techniques that could be used, but we would suggest either grouting or removal 
of soils. With a complete understanding of the soil profile and the specific properties of the soils 
in these areas once boring and testing have been completed, we will be able to make a final 
recommendation for one of these options. 
 Due to the soft to very soft soils that show both expansive and compressive tendencies, 
our final recommendation at this time is to use reinforced concrete pile foundations for each 
bridge. By using piles of this type, the bridge foundations will be able to penetrate multiple soil 
layers in order to obtain a satisfactory bearing capacity through the combination of skin friction 
and end bearing. The data collected from our borings will be used to determine the exact depth 
and dimensions of these piles. 
 With this, our project recommendations are completed. The combination of these 
recommendations can be seen in the Project Plan Set that follows. All of the work the Griswold 
has done for this project is also accompanied by a cost estimate that follows the plans in this 
report. Altogether, our recommendations will allow for the OEC facility to expand to its fullest 
potential and thrive for years to come. 
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Figure 19. OEC Site Layout 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20. Proposed Bridge Locations and Recommended Boring Locations on OEC Property 
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Figure 21. Schemmer Boring Locations near OEC Property 
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Cost Estimates 
 The following table contains the cost estimates of the proposed changes to the OEC, 
along with the estimates of the other options considered in the rest of the report. These costs are 
broken down by component and subdivision in Tables 3-14. 
Table 2: 
Recommended Total 
Cost     
 Component Alternatives Cost Total  
Structural Engineering Scout's Creek Bridge     $568,480.00 
    225 ft $568,480.00   
    150 ft $385,480.00   
  
Steven's Creek 
Bridge 350 ft  $866,280.00 
  Box Culvert 24 ft   $713,400 
Transportation 
Engineering Pavement      $943,223.00 
    Asphalt $943,223.00   
    Concrete $927,948.00   
Water Resources 
Streambank 
Stablization     $245,148.00 
  Pond   $798,600.00 
  Low Water Crossing   $5,975.00 
  Drainage     $15,560.00 
Environmental 
Engineering Required Studies     $20,000.00 
  Trunk Sewer Work   $5,450.00 
  Additional Irrigation     $60,800.00 
Geotechnical 
Engineering Boring Holes     $14,575.00 
  Geotech Report   $2,400.00 
  Cut/Fill   $107,000.00 
  
Recommended Construction 
Subtotal $4,360,916.00 
  30% Contingency $1,308,274.80 
  10% Mobilization $436,091.60 
    Total $6,105,282.40 
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Table 3: Environmental Opinion of Probable Cost 
Item Quantity Unit Unit Cost Total Cost 
1" Water Line 2000 LF $30.00 $60,000.00 
Iowa Hydrant 4 EA $200.00 $800.00 
Dumping into Trunk Sewer 150000 GAL $0.003 $450.00 
Labor for Dumping into Trunk Sewer 1 LS $5,000.00 $5,000.00 
Wetland Delineation 1 LS $10,000.00 $10,000.00 
Bird/Endagered Species Studies 1 LS $10,000.00 $10,000.00 
Total Paving Improvements $86,250.00 
 
Table 4: Water Resources Opinion of Streambank Probable Cost 
Item Quantity Unit Unit Cost Total Cost 
Excavation 5144 CY $20 $102,880 
Rock rip-rap 675 TN $100 $67,500 
Clearing/Grubbing 450 LS $75 $33,750 
Branches 171000 LS $0.05 $8,550 
Staking 22800 LS $0.50 $11,400 
Soil Removal  2572 CY $5.00 $12,860 
Twine  547200 LF $0.02 $8,208 
     
Total Streambank Costs  $245,148 
 
Table 5: Water Resources Opinion of Pond Probable Cost 
Item Quantity Unit Unit Cost Total Cost 
Excavation 58080 CY  $10 $580,800 
Soil Removal  43560 CY $5.00 $217,800 
     
Total Pond Costs  $798,600 
 
Table 6: Water Resources Opinion of Drainage Probable Cost 
Item Quantity Unit Unit Cost Total Cost 
Feature Excavation 778 CY  $20 $15,560 
     
Total Drainage Costs  $15,560 
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Table 7: Transportation Opinion of Option 1-Asphalt Probable Cost 
Item Quantity Unit Unit Cost Total Cost 
8.5" ACC Pavement 8195 Ton $100.00 $819,500.00 
10" ACC Pavement 846 Ton $110.00 $93,060.00 
Paint Markings, 4" Yellow 6264 LF $4.50 $28,188.00 
Standard Monument Box 9 EA $275.00 $2,475.00 
Total Paving Improvements $943,223.00 
 
Table 8: Transportation Opinion of Option 2 - Concrete Probable Cost 
Item Quantity Unit Unit Cost Total Cost 
7" PCC Pavement 18233 SY $45.00 $820,485.00 
9" PCC Pavement 1600 SY $48.00 $76,800.00 
Paint Markings, 4" Yellow 6264 LF $4.50 $28,188.00 
Standard Monument Box 9 EA $275.00 $2,475.00 
Total Paving Improvements $927,948.00 
 
Table 9: Structural Opinion of Option 1 - Scout Creek Bridge Probable Cost 
Item Quantity Unit Unit Cost Total Cost 
Prefab Bridge 1800 SF $285.00 $513,000.00 
Concrete 1864 SF $20.00 $37,280.00 
Abutment 2 EA $5,500.00 $11,000.00 
Remove Old Bridge 2 EA $3,600.00 $7,200.00 
Total Bridge Cost $568,480.00 
 
Table 11: Structural Opinion of Option 2 - Scout Creek Bridge Probable Cost 
Item Quantity Unit Unit Cost Total Cost 
Prefab Bridge 1200 SF $285.00 $342,000.00 
Concrete 1264 SF $20.00 $25,280.00 
Abutment 2 EA $5,500.00 $11,000.00 
Remove Old Bridge 2 EA $3,600.00 $7,200.00 
Total Bridge Cost $385,480.00 
Table 12: Structural Opinion of Steven's Creek Bridge Probable Cost 
Item Quantity Unit Unit Cost Total Cost 
Prefab Bridge 2800 SF $285.00 $798,000.00 
Concrete 2864 SF $20.00 $57,280.00 
Abutment 2 EA $5,500.00 $11,000.00 
Total Bridge Cost $866,280.00 
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Table 13: Structural Opinion of Culvert Probable Cost  
Item Quantity Unit Unit Cost Total Cost 
Concrete 1500 CY $450.00 $675,000.00 
Reinforcing Steel 300 LB $128.00 $38,400.00 
Total Culvert Cost $713,400.00 
 
Table 14: Geotechnical Opinion of Probable Cost  
Component Unit Number of Units Cost/Unit Total Cost 
Test Borings (25 
ft) EA 7 $625.00 $4,550.00 
Test Borings (75 
ft) EA 6 $1,700.00 $10,200.00 
Geotech Report EA 1 $2,400.00 $2,400.00 
Cut CY 350 $20.00 $7,000.00 
Fill CY 4000 $25.00 $100,000.00 
Geotech 
Subtotal       $123,975.00 
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Conclusions 
 Griswold Engineering is proud to present the work shown in this report to the CC-UNL 
group for the master plan of the OEC. We recommend a combination of tree wattling and rip rap 
to stabilize the stream banks and new low water crossings made of two box culverts each to 
increase safety and accessibility across Scouts Creek. Two new pedestrians, one on each creek, 
are also recommended. Their respective sizes and locations are outlined in the attached Concept 
Plans. Paved access roads and RV pads have also been proposed, as outlined in the 
Transportation section and the Concept Plans. The new location of the Harvey Hunter’s Lodge, 
shown in the Proposed Site Plan, has been found to be outside of the floodway and floodplain 
and will increase the usefulness of the building to the site. This brings our recommended total 
cost to roughly $6.1 million dollars. 
We hope that these proposed changes to the OEC prove to be useful to the CC-UNL 
group and adequately summarize the work done by Griswold Engineering to date.  
